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AGE IN RELATIONSHIP TO STEM CIRCUMFERENCE AND STEM DIAMETER
IN CLIFFROSE (COWANIA MEXICANA VAR. STANSBVRIANA)
IN CENTRAL UTAH
J,

D. Brotherson', K. P. Price", and L. O'Rourke'

—

Cliffrose age in relation to stem circnmference and stem diameter was studied in central Utah.
Abstract.
Age-circumference and age-diameter predictor equations were developed from material obtained from 10 stands along
a65-km section of the Wasatch Mountains foothills. Ages estimated on material of known age by the two ecjuations were
highly similar. Age predictions were more accurate for young stems than for older stems. The oldest stem aged was 163

years.

Population biology seeks to understand and
numbers of organisms as they are distributed in time and space.
Among the populations of a given species,
differences in size of individuals, density, age
structure, and morphological characters often
reflect underlying variations in the genetics of
those populations as well as the way in which
interpret variations in the

they interact, survive, and reproduce m their
individual environments. Successful reproduction in a species over ecological and evolutionary time and across a range of environments, combined with the development of
wide variation in the attributes of its individual populations,

is

of interest.

tionships of shrubs and their value in the de-

velopment of age-prediction models,

successional dynamics are less known. Many
western shrub species show asymmetrical
stem growth; this suggests the need to understand the relationship between stem circumference and age for studies in population dynamics. This study considers stem diameter
and stem circumference-age relationships of
cliffrose {Cowania mexicana var. stansburiana) from sites in central Utah.

Study Area

Measurement

of population size, density, age structure, and

morphological variation is enhanced when a
reliable tool for aging the individuals of a population can be employed.
Studies of growth-ring variation in tree
populations have been used extensively for
dating (Douglas 1935, Clock 1937), recon-

Harper
dynamics
(Burkhardt and Tisdale 1969, Barney 1972),
and assessment of differences in the environments of selected habitats (Ferguson and
Humphrey 1959, Fritts 1962, Stockton and
Fritts 1973). Although trees have been the
primary focus of such studies, papers dealing
with habitat variations and age-prediction
models for shrubs are available (Ferguson
1958, Ferguson and Humphrey 1959, Broth-

struction of past climates (Fruits 1971,
1979), interpretation of successional

erson et al. 1980, Brotherson et al. 1984).
Studies dealing with circumference-age rela-

inter-

pretations of habitat factor differences, and

The study area is located along the gravelly
shores of prehistoric Lake Bonneville on the
west face of the Wasatch Mountains, Utah
County, Utah, between American Fork
Canyon on the north and Santaquin Canyon
on the south, a distance of 65 km. Elevation
varied little across the sites, averaging 1,562
m. Aspect varied between 140 and 330 degrees on a standard compass bearing. The
cliffrose populations selected for study were
chosen from the largest and most dense stands
in the area. Soils, which varied from gravelly
sandy loams to gravelly clay loams, were heavBrotherson 1987),
ily skeletal (Price and
slightly basic (pH = 7.7), and very low in
soluble salts. Soil mineral nutrient concentrations were also verv low (Price and Brotherson
1987).

The Wasatch Mountains are primarily composed of sedimentary limestone formations
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Predictor equations for cliffrose age along with deviations of estimated age from true age for stems of known

material.

Estimator
factor
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CLIFFROSE CIRCUMFERENCE (INCHESl

Fig.

2.

The

relationship l>etween stem circumference and stem age in cUffrose in central Utah.

ronmental variation is evidenced in differential growth rates, varying plant heights, and

morphology of individuals of separate populations. Such was the case with respect to our 10
populations. For example, average length of
annual twig growth varied across these populations from a low of 2.0 cm to a high of 13.3
cm, indicating variable growth rates between
the different populations.

the estimated ages showed no significant difference (Table 1). The diameter-age predictor
equation estimated the ages more accurately
than did the circumference-age predictor
equation. However, there were no significant
differences between true age and estimated
age. Stem diameter and stem circumference
were plotted against one another (Fig. 3). The

relationship

is

significant (p

<

0.001;

r"

=

stem diameters ranged from 0.5

0.98), indicating that either diameter or cir-

inches to 4.8 inches, and the circumferences

cumference may be used to determine the age
of cliffrose in this area. However, circumference measurements may be more accurately
obtained in the field because of the irregular
growth patterns of the cliffrose stems.

Cliffrose

varied from 2.44 inches to 15.06 inches. Linear regression was used to establish age-

diameter (r" = 0.69) and age-circumference

=

0.73) predictor equations (Table

and

2).

1,

Figs.

Both equations were significant

0.001 level.

The

slightly better

fit

(r"

1

at

the

of the

cir-

cumference equation is due to the irregular
growth patterns of the cliffrose stems. This
irregular growth form (asymmetrical) made it
very difficult to measure the stem diameters,
especially under field conditions. The diameters were measured at the widest part of the
stem.

When

the two predictor equations were
stem ages from original mate(stems used to generate the equations).

used
rial

to estimate

Results indicate that the predictor equa-

more accurate for young stem age
than for older stem age (Fig. 4). When the
deviation of predicted age from true age is
plotted against true age, the difference increases as cliffrose stems get older. Similarly,
as the stems of mountain mahogany {Cercocarpus) get older, they grow slower and show
smaller widths in their growth rings (Brothertions are

son et

al.

1980).

Basal circumference

measurements were

taken on 30 randomly selected individuals per

Brotherson
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r^

sig

= 24 +3 04 X
= 9901

= 9802
= 001

CLIFFROSE DIAMETER (INCHES)
Fig. 3.

The

relationship

stem circumference

between stem diameter and

in chfFrose in central

Utah.

One

site had only 18
these basal measurements (288 individuals), the plants of each
stand were aged. The youngest individual

site for

9 of the 10

living individuals.

sites.

From

found was 11 years old and the oldest 163
years.

When

the ages for

all

individuals of a
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